68        VII. UNAVAILABLE ENERGY AND ENTROPY.
is tliat the entropy sliall be the same as it was at the beginning. The initial and final states of the gas are by hypothesis indistinguishable from each other in every respect, and if we made the entropies different; this difference would be devoid of physical meaning.1)
If irreversible phenomena have occurred in the gas, the return to the original state can only be made at the expense of compensating transformations elsewhere. It is not in the gas itself but in the external systems that a permanent change has occurred which may affect the value of their entropy.
Subject to this assumption, we may proceed in two ways, according as we start from the first or second definition above.
(1)  Starting with the first definition, we may define the entropy of a thermically  heterogeneous system   (i. e. system  at non-uniform temperature)   as  the  sum  of the  entropies  of its  differential mass elements.
The change of entropy in an irreversible transformation can now be defined when it is possible to find a reversible transformation that would produce identically the same changes as actually take place in the system. The change of entropy in the irreversible transformation is then defined as being equal to the change which would take place in the corresponding reversible transformation between the same initial and final states.
[This convention must be made if entropy is to be considered as a definite physical entity obeying the above fundamental condition.]
This definition applies to all cases in which the initial and final states can be connected by a reversible transformation. If this is not possible, there is no a priori reason for asserting that a definite meaning can be assigned to entropy changes according to the first definition.
(2)  We may start with the second definition which, we observe, always gives a definite meaning to the concept entropy in accordance with our  assumed fundamental condition,  and we may deduce from it  expressions   representing   the  entropy   changes   corresponding  to different irreversible phenomena.
79. Entropy of a thermically heterogeneous system. If a system of bodies consists of different parts mn m2 ... at uniform temperatures 2\, T^ ... the whole entropy of the system is the sum of the entropies of the parts of the system2), and hence is given by
1)  We do not deny that it is possible to build up a mathematical theory based on a definition according to which the entropy of a body depends on its past history, and even, by suitably interpreting this theory, to deduce results in accordance with facts.   But such a theory would of necessity be an artificial one.
2)   The use   of the word "whole" as in whole volume, whole entropy or whole energy is  convenient to distinguish these from the volume, entropy and energy of a unit mass.    Compare also § 7,